
Antitussive activity of sigma-1 receptor agonists in the guinea-pig

*,1Claire Brown, 1Malika Fezoui, 1,2William M. Selig, 1Carl E. Schwartz & 1,2James L. Ellis

1UCB Research Inc., UCB Pharma, 840 Memorial Drive, Cambridge, MA 02139, U.S.A.

1 Current antitussive medications have limited efficacy and often contain the opiate-like agent
dextromethorphan (DEX). The mechanism whereby DEX inhibits cough is ill defined. DEX displays
affinity at both NMDA and sigma receptors, suggesting that the antitussive activity may involve
central or peripheral activity at either of these receptors. This study examined and compared the
antitussive activity of DEX and various putative sigma receptor agonists in the guinea-pig citric-acid
cough model.

2 Intraperitoneal (i.p.) administration of DEX (30mgkg�1) and the sigma-1 agonists SKF-10,047
(1–5mgkg�1), Pre-084 (5mg kg�1), and carbetapentane (1–5mg kg�1) inhibited citric-acid-induced
cough in guinea-pigs. Intraperitoneal administration of a sigma-1 antagonist, BD 1047 (1–5mgkg�1),
reversed the inhibition of cough elicited by SKF-10,047. In addition, two structurally dissimilar sigma
agonists SKF-10,047 (1mgml�1) and Pre-084 (1mgml�1) inhibited cough when administered by
aerosol.

3 Aerosolized BD 1047 (1mgml�1, 30min) prevented the antitussive action of SKF-10,047
(5mg kg�1) or DEX (30mg kg�1) given by i.p. administration and, likewise, i.p. administration of
BD 1047 (5mgkg�1) prevented the antitussive action of SKF-10,047 given by aerosol (1mgml�1).

4 These results therefore support the argument that antitussive effects of DEX may be mediated via
sigma receptors, since both systemic and aerosol administration of sigma-1 receptor agonists inhibit
citric-acid-induced cough in guinea-pigs. While significant systemic exposure is possible with aerosol
administration, the very low doses administered (estimated o0.3mgkg�1) suggest that there may be a
peripheral component to the antitussive effect.
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Introduction

Chronic cough associated with either irritation and/or

inflammation of the airways is a common symptom of many

respiratory diseases such as COPD, chronic bronchitis and

asthma (Higenbottam, 2002). The most common antitussives

in use today include the opioid, codeine, and the opiate-like

agent dextromethorphan (DEX) (Grattan et al., 1995; Chung,

2003). These antitussives have limited efficacy and appear to

act via a central mechanism (through receptors close to the

cough center in the brainstem) (Chou & Wang, 1975). As a

consequence, they often display an undesirable side effect

profile including sedation, respiratory depression, and altered

gastrointestinal motility (Tortella et al., 1994; Tarkkila et al.,

1997; Eckhardt et al., 1998; Walker & Zacny, 1998; Hoffmann

et al., 2003). Thus, there is a clinical need for a more effective

antitussive that exhibits efficacy with a reduction in side

effects.

The precise mechanism whereby DEX inhibits cough is still

ill defined. DEX displays antagonist and agonist activity at the

cationic NMDA receptor channel (Franklin & Murray, 1992)

and sigma receptors (Chau et al., 1983), respectively, suggest-

ing that the antitussive action of DEX may involve an action

at either of these receptors. There is some additional evidence

that DEX may also have some action at opioid receptors due

to the structural similarities to opiates (Allen et al., 2002;

Baker et al., 2002a, b; Zhu et al., 2003). In mice, capsaicin-

induced cough is attenuated by the NMDA receptor antago-

nists AP-5, AP-7, and MK801 (Kamei et al., 1989), at a similar

dose as elicited by DEX. Sigma receptor agonists pentazocine

and N-allylnormetazocine (SKF-10,047) also inhibit cough in

rodents (Kamei et al., 1992a). The antitussive effect of DEX,

given by intraperitoneal (i.p.) injection, is reversed by

rimcazole, a nonselective sigma receptor antagonist (Kamei

et al., 1993; Kotzer et al., 2000). Despite this evidence, the role

of the sigma receptor in the modulation of cough as a novel

therapeutic target for antitussives has been largely ignored.

Sigma receptors are a ubiquitous type of receptor whose

function has not been well defined. The sigma-1 receptor

sequence, while highly conserved (490%) across mammalian

species/tissues (Barnes et al., 1992; Schuster et al., 1995), does

not display homology to any other known receptors, although

it does share 30% homology with a fungal sterol isomerase

(Moebius et al., 1996). Sigma receptors have a single

transmembrane region (Prasad et al., 1998; Yamamoto et al.,
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1999), are 18–26 kDa molecular weight proteins, and there are

at least two subtypes (s1 and s2) (McCann et al., 1994; Vilner

et al., 1995; Bergeron & Debonnel, 1997). To date, only the

sigma-1 receptor has been cloned (Kekuda et al., 1996; Seth

et al., 1998; Mei & Pasternak, 2001) with cloning of the sigma-

2 receptor proving difficult. Initially, the sigma receptor was

thought to be an opioid receptor due to high-affinity

enantiomer selective binding of various opiates as well as

steroids and psychoactive drugs to the sigma receptor (Martin

et al., 1976). This misnomer still persists, despite the re-

classification as a nonopioid receptor and the effects of these

opiates being insensitive to the opioid antagonist naltrexone

(Vaupel, 1983).

Sigma receptors are found in various tissues throughout the

body; however, the density is not uniform. The highest

concentration of receptors is seen mainly in limbic and motor

areas of the CNS, followed by the periphery (liver, spleen,

endocrine, GI tract, and lung) (Roman et al., 1989; Wolfe et al.,

1989; 1997; Whitlock et al., 1996; Alonso et al., 2000). The

endogenous ligand for the sigma receptor is not yet known, but

has been hypothesized to be progesterone (Meyer et al., 1998).

While the specific function of the sigma receptor remains

elusive, sigma receptors are present in high concentrations in

areas of the CNS related to sensory processing such as the

dorsal root ganglia and the nucleus tractus solitarus (NTS)

(Walker et al., 1990; Alonso et al., 2000). The NTS is a site

where the airway afferent fibers first synapse and an area very

close to the cough center in the brainstem. This region,

therefore, seems ideally placed to function as a ‘gate’ for the

cough reflex, and therefore antitussives acting through the

sigma receptor could conceivably modulate afferent activity

prior to reaching the cough center.

The role of sigma receptors in mediating the antitussive

effects of DEX has not been systematically examined. Existing

literature, which indicates the possible involvement of sigma-1

receptors, has all been conducted in the rat (Kamei et al.,

1992a), a species in which it is difficult to measure cough

consistently. To our knowledge, no one has investigated the

role of sigma receptors using the guinea-pig, which, owing to

the higher propensity to cough than rats, is a much preferred

species to conduct antitussive research. The objective of this

study was to further investigate whether DEX, as well as other

putative sigma receptor agonists, inhibit citric-acid-induced

cough in guinea-pigs.

Methods

Animals

Male Hartley guinea-pigs (425–475 g) were obtained from Elm

Hill Laboratories (Chelmsford, MA, U.S.A.), barrier-housed

in a clean environment with access to water and food ad

libitum, and kept in a temperature-controlled environment

maintained on a 12-h cycle. The colony was free of pathogens.

The procedures used were approved by the Internal Animal

Care and Use Committee of Cambridge.

In vivo cough

Unanesthetized male guinea-pigs were pretreated with com-

pounds 30min prior to the introduction of citric acid to induce

cough. Animals were placed in individual PERSPEXt

cylindrical plethysmographs and exposed to citric acid

aerosol (0.2M) generated via an ultrasonic nebulizer

(EMKA, Paris, France). Nebulization produced an aerosol

with a mean particle size of 3.5 mM at a rate of approximately

0.5mlmin�1. The exposure period to the citric acid was 2min,

followed by a further observation period of 9min. The total

number of coughs, therefore, was determined over a total

period of 11min. Individual coughs were detected in three

ways: (1) via a pressure transducer attached to the plethysmo-

graph amplified onto a pen recorder, (2) via a microphone

placed inside the plethysmograph, and (3) via visual

observation of the animal. Each animal was exposed to citric

acid only once.

Compound administration

For i.p. administration, animals were injected with the

compounds carbetapentane, SKF-10,047, DEX or PRE 084

(1–30mg kg�1), 30min prior to citric acid. In an attempt to

investigate the potential peripheral action of the sigma

agonists, we administered these agonists by aerosol in addition

to systemic administration. For aerosol exposure, the com-

pounds were aerosolized via whole-body exposure using an

ultrasonic nebulizer for 30min prior to citric acid exposure.

The inhaled dose of sigma agonists SKF-10,047 and 2-(4-

morpholinethyl) 1-phenylcyclohaxanecarboxylate hydrochlor-

ide (Pre-084; 1mgml�1) in this study was estimated to be

o0.3mg kg�1, as calculated according to Karlsson et al.

(1990). For reversal studies, N-(2-(3,4-dichlorophenyl)ethyl)-

N-methyl-2-)dimethylamino ethylamine (BD 1047) (a reported

sigma-1 antagonist with 10-fold selectivity for the sigma-1

receptor over the sigma-2 receptor (Matsumoto et al., 1995), or

saline vehicle, was administered, by either aerosol or i.p. route,

30min prior to agonist administration.

Membrane preparation for sigma-1-binding assay

Brain homogenate was prepared from frozen male Hartley

guinea-pig brains (Harlan Laboratories Westbury, NY,

U.S.A.), by placing whole brains (minus cerebellum) in ice-

cold 10mM Tris-HCl (pH 7.4) containing 0.32M sucrose, and

homogenizing in a volume of 10ml g�1 tissue (Tekmar

homogenizer). This was followed by centrifugation at

1000� g for 10min at 41C. The supernatant was then

centrifuged at 31,000 g for 15min at 41C, resuspended at

3ml g�1 and incubated at 251C for 15min. This was then

centrifuged at 31,000� g for 15min at 41C. The resulting

pellets were resuspended by homogenization to final volume of

1.53ml g�1 in 10mM Tris-HCl (pH 7.4), and aliquots stored at

�701C until use. Protein was estimated using a BCA Protein

estimation kit (Pierce, Rockford, IL, U.S.A.).

Sigma-1-binding assay

On the day of the assay, membrane aliquots were thawed,

resuspended in fresh Tris-HCl buffer (50mM, pH 8.0), and

stored on ice until required. Assays were conducted in 96-well

polypropylene plates (total volume 250 ml per well). Each assay

well contained 65ml of [3H]-pentazocine (final concentration

5 nM), 60ml assay buffer (50mM Tris-HCl, pH 8.0), 5ml
sigma-1 agonist (diluted in DMSO) and 120ml membrane
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preparation (approximately 170mg protein). Total binding

(TB) and nonspecific binding (NSB) wells contained DMSO

or unlabelled pentazocine (10 mM), respectively, in place

of the compound. The plate was incubated at 371C for

2 h before termination of the assay by filtration through

GF/B filterplates that had been prewetted with 0.5%

polyethylinimine for at least 30min prior to use. Filters were

washed twice with a total of 400 ml (2� 200ml) Tris-HCl

(10mM, pH 8.0). Once the filters dried, this was followed by

the addition of 50ml scintillation fluid per well (Microscint-20).

The amount of bound radioactivity was determined by liquid

scintillation spectrometry using a Packard Topcount liquid

scintillation counter (Perkin-Elmer, Downers Grove, IL,

U.S.A.).

Materials

Citric acid, carbetapentane, DEX, and SKF-10,047 were

obtained from Sigma-Aldrich Chemical Company (St Louis,

MO, U.S.A.). Pre-084 and BD 1047 were obtained from Tocris

(Ballwin, MO, U.S.A.). All compounds were dissolved in

saline (0.9%), unless stated otherwise.

Statistical analysis

Differences between groups were analyzed by Students’

unpaired t-test for individual comparisons, and by repeated-

measures one-way analysis of variance (ANOVA), followed by

Dunnett’s or Bonferroni post-test for individual comparisons

between groups. Differences were considered significant when

Po0.05 (*).

Results

I.p. administration of sigma agonists

In control animals treated with vehicle (saline), citric acid

elicited 2873 coughs (n¼ 9) during the 11-min observation

period. DEX (30mg kg�1) inhibited cough (1173, n¼ 6), with

the maximal inhibition of approximately 60% (Figure 1a).

Lower doses of DEX did not elicit a significant antitussive

effect (results not shown). The selective sigma-1 receptor

agonist SKF-10,047 (1–5mgkg�1) inhibited cough in a dose-

dependent manner, with maximal inhibition of cough (80%)

apparent at 5mg kg�1 (Figure 1b). Two other sigma-1 receptor

agonists, carbetapentane (1–5mg kg�1) and Pre-084

(5mg kg�1), both inhibited citric-acid-induced cough with

maximal inhibitions of 50 and 70%, respectively (Figure

1c, d). Pretreatment of animals with the sigma-1 receptor

antagonist BD 1047 (1–5mg kg�1) reversed the inhibition of

cough elicited by SKF-10,047 (5mg kg�1) in a dose-dependent

manner (Figure 2). Administration of BD 1047 alone

(5mg kg�1) did not have any effect on cough.

Aerosol administration of sigma agonists

SKF-10,047 (1mgml�1), administered for 30min prior to citric

acid exposure, inhibited cough with a maximal inhibition of

53% (Figure 3a). Likewise, Pre-084 (1mgml�1), administered

for 30min prior to citric acid exposure, also inhibited cough by

37% when given by aerosol (Figure 3b). The estimated inhaled

dose of these agonists was o0.3mgkg�1, 10 times lower than

the systemically administered concentrations required to see

antitussive effects.
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Figure 1 Ability of various sigma-1 agonists, when given by i.p. administration, to inhibit citric-acid-induced cough compared to
saline vehicle. (a) DEX (30mgkg�1, n¼ 9, 6), (b) SKF-10,047 (1–5mgkg�1, n¼ 9, 6, 5, and 5), (c) carbetapentane (1–5mgkg�1,
n¼ 9, 8, and 6), (d) Pre-084 (5mgkg�1, n¼ 7, 10). In parenthesis, results are expressed as means7s.e.m. of the respective number of
observations for each treatment. Statistics, where appropriate, show Po0.05 (one-way ANOVA, followed by Dunnett’s post-test).
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Aerosol administration of the sigma-1 antagonist BD
1047 reverses the antitussive effects of SKF-10,047
and DEX

We wanted to further explore whether the antitussive effect of

the sigma agonists could be mediated via peripheral sigma-1

receptors. This was investigated by examining the ability of the

sigma-1 receptor antagonist BD 1047 to inhibit the antitussive

action of sigma-1 agonists when given by various routes. BD

1047, when given by aerosol (5–10mgml�1 for 30min prior to

citric acid), reversed the inhibition of cough by i.p. SKF-10,047

(5mg kg�1) or DEX (30mgkg�1) (Figure 4a, b). Similarly, to

confirm the involvement of a peripherally activated sigma-1

receptor in the inhibition of cough, we examined the ability of

the selective sigma-1 antagonist BD 1047 (5mg kg�1, i.p.

30min prior to citric acid) to reverse the inhibition of cough by

aerosol administration of SKF-10,047 (1mgml�1). Pretreat-

ment with BD 1047 prevented the antitussive effect of SKF-

10,047 (Figure 5).

Competitive binding of [3H](þ ) pentazocine

The reference sigma agonists used in the in vivo cough assay

were examined for their binding affinity in guinea-pig brain

(Table 1). The Ki’s reported in this table are similar to those

reported in the literature, and support binding to a distinct

common site. The rank ordering of affinity (highest to lowest)

was as follows: BD 10474Pre-0844SKF-10,0474carbeta-

pentane4DEX.
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Figure 2 Reversal of the antitussive effect of i.p. administered
SKF-10,047 (5mgkg�1) by pretreatment with s�1 antagonist BD
1047 (1–5mgkg�1, i.p.). BD 1047 alone elicited no antitussive effect.
Results are expressed as means7s.e.m. of 13, 11, 7, 16, and 11
observations, respectively. Po0.05 (one-way ANOVA followed by
Bonferroni post-test). No other comparisons demonstrated signifi-
cance.
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Figure 3 Effect of SKF-10,047 (1mgml�1) and Pre-084
(1mgml�1), dissolved in saline and given by aerosol administration,
on citric-acid-induced cough. Results are expressed as means7s.e.m.
of 19 and 11 observations, respectively, for SKF-10,047, and 8 and 7
for Pre-084. Po0.05 (Student’s unpaired t-test).
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Figure 4 Effect of BD 1047 (5–10mgml�1), dissolved in saline and
given by aerosol administration, on the antitussive effect of (a) SKF-
10,047 (5mgkg�1, n¼ 8, 8, and 10) or (b) DEX (30mgkg�1, n¼ 9, 6,
and 6) given by i.p. administration. In parenthesis, results are
expressed as means7s.e.m. of the respective number of observations
for each treatment. Statistics, where appropriate, show Po0.05
(one-way ANOVA followed by Dunnett’s post-test).
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Discussion

The most common antitussives in use today include the opioid

codeine and the opiate-like agent DEX (Lee et al., 2000;

Chung, 2003). DEX displays significant affinity at sigma

receptors (Chau et al., 1983); however, a defined role of

peripheral sigma receptors as antitussives has not been

systematically examined. The objective of this study was to

further investigate whether DEX, as well as other putative

sigma receptor agonists, inhibit citric-acid-induced cough in

guinea-pigs.

In this study, using the citric-acid-induced guinea-pig cough

model, we report that DEX and various selective, structurally

dissimilar, sigma-1 agonists inhibit cough when administered

by two separate routes of administration (either i.p. injection

or whole-body aerosol exposure). The inhibition of cough was

striking and, furthermore, concentration dependent for two of

the agonists studied, SKF-10,047 and carbetapentane. This

observation is similar to an earlier study which reported that

certain sigma-1 agonists (including SKF-10,047, 1,3-di-(2-

tolyl)guanidine (DTG) and pentazocine) inhibited capsaicin-

induced cough in rats (Kamei, 1999). Both DTG and

pentazocine display affinity at sigma-2 receptors in addition

to sigma-1 receptors (Hellewell et al., 1994), and pentazocine

has significant affinity at opioid receptors (m and d subtypes;

Kamei et al., 1994). Activation of these subtypes of opioid

receptor has also been shown by the same authors to inhibit

cough in this model (Kamei et al., 1992b, 1994). In our

examination of cough, in addition to the protypical agonist

SKF-10,047, we used two additional selective sigma-1 agonists

Pre-084 and carbetapentane to confirm the involvement of

sigma-1 receptors in the inhibition of cough.

Interestingly, we observed that the doses of sigma agonists

required to inhibit cough in our study were much lower than

DEX, indicating that the sigma agonists were more efficacious

antitussives compared to DEX. A tentative explanation may

be the relative affinities of the agonists used in this study for

the sigma-1 receptor. The affinity of DEX at the sigma-1

receptor is reported to be in the high nanomolar range

(Ki¼ 200–500 nM) (Walker et al., 1990). In contrast, the

affinity of the agonists used in this study were several fold

higher: SKF-10,047 (22 nM; Walker et al., 1990; Chou et al.,

1999), carbetapentane (75 nM; Calderon et al., 1994), and Pre-

084 (7.7 nM; Su et al., 1991). Thus, if the sigma-1 receptor is

indeed responsible for the antitussive activity noted in our

investigation, this might explain the higher concentrations of

DEX required to elicit a similar effect. Alternatively, perhaps

the discrepancy may be due to the relative nonselectivity of

DEX compared to the prototypical sigma-1 agonists used here.

For example, the antitussive activity of DEX can be reversed

by methysergide, the 5-HT1/5-HT2 receptor antagonist,

indicating the involvement of 5-HT receptors in any antitussive

effects (Kamei, 1996). In addition, DEX displays a significant

affinity for NMDA receptors (Franklin & Murray, 1992), in

contrast to several of the sigma-1 agonists used here, since

neither Pre-084 nor carbetapentane have reported affinity for

NMDA receptors. SKF-10,047 does have moderate affinity for

the NMDA receptor (Wardley-Smith & Wann, 1989). The

ability of DEX to modulate glutaminergic sensory neuro-

transmission via the NMDA receptor complicates the defini-

tion of the mechanism of action of this drug (Gronier &

Debonnel, 1999). Although the precise neurotransmission

process involved in cough is still under debate, any drug that

modulates this process could conceivably affect the generation

of cough.

Clarification of the involvement of the sigma-1 receptor as

an antitussive target was supported by the ability of BD 1047,

having no effect by itself, to completely prevent the antitussive

effect of SKF-10,047. Although evidence suggests that SKF-

10,047 can act at other receptors including NMDA and opiate

receptors (Tam, 1985; Wardley-Smith & Wann, 1989), the use

of a specific antagonist of sigma-1 (BD 1047) to reverse the

effect of SKF-10,047 supports the suggestion that SKF-10,047

is acting as a sigma-1 agonist in the present investigation.

Reversal of the antitussive effect of DEX by nonselective

sigma antagonists, rimcazole and haloperidol, has been

previously demonstrated (Kamei et al., 1993; Kotzer et al.,

2000). To our knowledge, however, BD 1047 is a more

selective sigma-1 receptor antagonist than either rimcazole or

haloperidol. Although it has been suggested that BD 1047 can

act as a partial agonist at high concentrations in vivo (Zambon

et al., 1997), BD 1047 alone had no effect on cough in the

present investigation. Additionally, since the concentrations of

BD 1047 used in this study were relatively low (5mgkg�1), it is

unlikely that nonspecific effects of BD 1047 are involved in our

study. While BD 1047 can have affinity at sigma-2 receptors

(47 nM), this is 50-fold less than its affinity at sigma-1 (0.9 nM).

While we cannot rule out the possible involvement of sigma-2
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Figure 5 Effect of BD 1047 (5mgkg�1), given by i.p. administra-
tion, on the antitussive activity of SKF-10,047 (1mgml�1) given by
aerosol administration. Results are expressed as means7s.e.m. of
19, 11, and 7 observations, respectively. Po0.05 (one-way ANOVA
followed by Dunnett’s post-test).

Table 1 Comparison of the binding affinity of
various sigma-1 agonists determined by competitive
binding to [3H]-pentazocine-labelled sites on guinea-
pig brain membranes

Sigma ligand Ki (nM)7s.e.m.

SKF 10,047 2276, n¼ 5
Dextromethorphan 365729, n¼ 7
Carbetapentane 75728, n¼ 3
PRE-084 9.071.25, n¼ 3
BD 1047 1.5470.4, n¼ 5

This table reflects the calculated Ki’s (mean7s.e.m.) and the
number of observations.
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receptors, there are no sigma-2 antagonists commercially

available to test in the current study.

The specific function of the sigma receptor remains elusive;

however, sigma receptors are present in high concentrations in

the NTS, a site where the afferent fibers first synapse and an

area very close to the cough center in the brainstem (Shook

et al., 1990). This region therefore may function as a ‘gate’ for

the cough reflex and allow antitussives, acting through the

sigma receptor, to modulate afferent activity prior to reaching

the cough center. In order to activate this site, sigma-1 agonists

have to be able to reach the systemic circulation prior to

penetrating the CNS. It is conceivable that systemic adminis-

tration of highly lipophilic sigma-1 agonists might penetrate

the CNS, and we have clearly shown that sigma agonists

inhibited cough when given by the i.p. route. Nevertheless,

sigma receptors also exist in the periphery including the lung

(DeHaven-Hudkins et al., 1994; our unpublished observa-

tions), where they may also be capable of modulating cough.

This has been demonstrated by the finding that DEX inhibits

cough when administered peripherally using aerosol (Callaway

et al., 1991; Grattan et al., 1995). Based upon this information,

we investigated whether administration of sigma agonists

(SKF-10,047 and Pre-084) by aerosol would inhibit cough in

our study. It is thought that, at least temporally, whole-body

aerosol administration immediately prior to citric-acid-in-

duced cough would confine the deposition of sigma-1 agonist

to the local site (airways and lung), and thereby activate sigma

receptors that predominantly exist in this region. Both SKF-

10,047 and Pre-084 significantly inhibited cough when given

via this route, indicating that peripheral pulmonary sigma

receptors may be partially responsible for the apparent

antitussive effect, and indeed the lung may be an additional

site of action for these agonists to inhibit cough. A likely

criticism of this study is the lack of confirmation of a

peripheral localization of the sigma agonists following aerosol

administration and the ruling out of systemic exposure. To

address this, we attempted to calculate the approximate dose

of sigma agonist received when given by this route, which for

the guinea-pig was estimated to be o0.3mgkg�1, approxi-

mately 10-fold less than the dose required to be given by the

i.p. route to see an antitussive effect. Thus, we believe that

the very low doses administered this way are effective at

inhibiting cough, presumably because of the deliverance

direct to the site of action. We examined the ability of

aerosolized sigma-1 antagonist BD 1047 to inhibit cough

elicited by SKF-10,047 or DEX when these agonists were

administered via i.p. administration. In addition, we also

examined the ability of BD 1047 give by i.p. administration to

reverse the peripheral administration of SKF-10,047. The

sigma-1 antagonist BD 1047 given by aerosol immediately

prior to citric-acid exposure prevented the antitussive effect of

SKF-10,047 or DEX given via the i.p. route. Similarly, BD

1047 given systemically inhibited the antitussive effect of

peripheral administration of SKF-10,047. These results, in

addition to the ability of the two distinct sigma-1 agonists to

inhibit cough when administered by aerosol, would suggest

that the sigma agonists may likely be acting, at least partially,

peripherally to inhibit cough. From a therapeutic standpoint, a

peripherally acting antitussive would be more beneficial, since

it may not be associated with the side effects commonly seen

with centrally acting antitussives.

In conclusion, sigma-1 agonists alone are capable of

inhibiting citric-acid-induced cough in guinea-pigs when

administered by two separate routes of administration. The

ability of a selective sigma-1 antagonist to prevent

the antitussive effect of a sigma agonist and DEX

supports the role for sigma-1 receptors in mediating the

antitussive action of DEX. A component of the antitussive

effects may be mediated peripherally, since aerosol adminis-

tration of low concentrations of sigma agonists also inhibited

cough. A peripheral activity for DEX has been demonstrated

previously (Callaway et al., 1991; Grattan et al., 1995). It is

possible that selective sigma-1 agonists targeted towards

sigma-1 receptors may prove to be novel, useful antitussive

agents.

This study was supported by UCB Research Inc., UCB Pharma, 840
Memorial Drive, Cambridge, MA 02139, U.S.A.
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